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27
We have enhanced the radio-activation efficiency of SiC (silicon carbide) particles, which by 28 nature have a poor affinity towards 18 F ions, to be employed as tracers in studies using PEPT In previous PEPT studies [10] [11] [12] , tracers have been produced either by direct 62 irradiation of the sample in a suitable cyclotron, converting oxygen in the sample 63 directly to 18 F, or by irradiation of water, which is then exchanged with, or attached to, 64 molecules on the surface of the tracer. The trajectory of the tracer is understood to be 65 representative of the motion of all the particles in the system, which is only the case if 66 the emitting particle is identical, from a granular-matter point of view, to the particles 67 of interest. This can be readily achieved if the particles can adsorb the emitter.
68
However, in some cases this does not occur. This work deals with the problem that 69 appears when the particles do not adsorb the emitter. Then, one can take a different 70 particle to be used as tracer, accepting the mismatch in some properties, or one can 71 develop a particle that emits sufficiently and remains practically identical to the other 72 particles. This paper explores this last option for silicon carbide (SiC) particles.
73
SiC particles are used as a heat transfer medium in fluidized beds to harvest 74 solar energy in concentrated solar thermal plants [13, 14] 18 F.
82
We demonstrate the production of a core-shell structure to be used as a PEPT 83 tracer particle that better adsorbs the radioactive ions than the core itself. We used SiC 84 as core material and deposited films of Al2O3 using a gas-phase coating technique, 85 similar to atomic layer deposition (ALD), using trimethyl aluminium (TMA) and water
86
as precursors, at atmospheric pressure and room temperature [18] . Providing the native
87
SiC particles with a thin coating that can be made radioactive is an attractive 88 alternative to enhance the labelling efficiency of these particles , defined as the ratio of 89 radioactivity absorbed by the SiC particles to the radioactivity of the water solution 90 [19] . Historically aluminium oxide has proved to be a very successful material used for
91
PEPT tracers due to its high affinity for 18 F ions [20] .
92
The SiC particles used here, with an average particle size ( 3,2 ) of 68 µm and This experimental paper describes a generic method -using gas phase deposition are used to obtain a homogeneous distribution of the gas inside the column and to 143 prevent particles from leaving the reactor. The reactor and the rest of the setup have 144 been described in detail previously [18, 38] . We use TMA and water as precursors to 
175
We considered that at ambient conditions, the large amount of excess molecules 176 of precursor introduced in each cycle will accumulate on the surface of the particles, 177 resulting in a parasitic-CVD type of growth and thicker films [18] . In addition, we pre-178 functionalised two samples with oxygen plasma before the coating to obtain a higher 179 GPC. For that, SiC was uniformly spread over a glass Petri dish and introduced into a
180
Harrick Plasma PDC-002 plasma cleaner device for 1 minute; the pressure of the 181 chamber was kept at 6 mbar. Immediately after exposing the SiC to the oxygen plasma, 182 the powder was introduced inside the column to start with the coating experiments.
183
In total, we performed experiments at five different settings, modifying the 184 number of cycles, operating temperature and pre-functionalization of the SiC particles 185 (Table 1) . At 100 °C, we performed two experiments with 5 and 7 cycles. To increase 186 the layer thickness, we lowered the temperature to 27 °C and performed 20 cycles. We Optima 500 ICP-OES (Induced Coupled Plasma -Optical Emission Spectroscopy).
194
We obtain the mass fraction of aluminium ( ) from ICP, from which we calculate the 195 thickness of the alumina coating [18] . For this calculation, we used a density for the we calculated the relative activity as the ratio of the activity of the particles, with a 219 value in the µCi range, and the activity of the radioactive solution, in the mCi range.
220
Finally, to confirm the applicability of the tracer particle produced, we used one radio- 
Results and discussion
227 Table 1 shows the experiments carried out with different numbers of coating (iii) the pre-functionalization of the SiC particles (Table 1) . We obtained a GPC of 1-2 233 nm for the experiments at 100 °C, which is calculated after dividing the thickness of Nevertheless, we found that the films are still of a good quality: nearly pure alumina,
247
and with a low porosity [18] . Based on the GPC, these experiments cannot be calculated from elemental analysis, 484 ± 52 nm (Table 1) .
261
In Fig. 1 , lighter areas in the alumina film are visible. These might be air coating (5 and 7 cycles) showed a slight improvement with regard to the uncoated SiC.
279
The experiment with 20 cycles of Al2O3 at 27 °C showed a strong improvement of the 280 activity, which was further increased when the SiC particles were pre-functionalized
281
with the oxygen plasma. The sample with 40 cycles at 27 °C, and O2 plasma pre-282 treatment showed the best relative activity, 0.108%. As we expected, the efficiency of 283 the radio-activation increased with the thickness of the alumina films (Fig. 2b) . The 284 sample with 40 cycles shows a relative activity comparable to the one of γ-Al2O3, often 285 used as tracer.
286
To evaluate the properties of the SiC sample coated with 40 cycles, we 287 calculated an equivalent density of the core-shell particle using (Eq. 1) and compared 288 the value to the uncoated SiC ( Table 2 ). For that, we defined the core-shell density with respect to the uncoated SiC (Table 2) , which is a negligible difference as far as the 301 particle dynamic behaviour is concerned. Moreover, we consider that neither the size 302 nor the shape of the SiC particles substantially changed with the alumina film, since 303 the thickness of the alumina film is much smaller than the particle diameter. Therefore,
304
we can conclude that the deposited alumina film does not alter the density, shape and show that no significant attrition of the alumina layer takes place [52] .
308
We used a radio-activated particle of the SiC sample coated with Al2O3 during lower spatial resolution [19] .
315
In this work, we used as tracer the same 68 µm particles as in the rest of the bed, with the 40-cycle SiC, we found that the power spectrum has little powder above 2 Hz,
323
such as sampling at 10 Hz is sufficient to capture all the dynamics, while sampling at 1
324
Hz would certainly miss relevant dynamics.
325
In Fig. 3a we see the trajectory of the tracer during the first 10 seconds of 
Conclusions
348
We demonstrated that initially inert particles, such as SiC, can be activated with shape of the particles negligible.
360
We showed that the activated core-shell structure formed by the SiC particle 361 coated with an Al2O3 film of about 500 nm can be used as a tracer particle in a typical
362
PEPT experiment. The emission intensity of this tracer was sufficient to reconstruct its Table 1 Mass fraction of aluminium, determined by ICP, and the thickness of the alumina film, calculated from the results from ICP, for the different experiments. 
